Sheet 1 of 67 

Appl. No. To Be Assigned; Filed: HEREWITH 

DkL No. 1606.0010003; Group Art Unit: TBA 

Inventors): Peter G. BROWN; Tel: 202/371-2600 

Title: System And Method For Simulation And Modeling... [ 



FIG. 1 



DETERMINE THE NECESSARY REACTOR 
CAPACITY 



I 



DETERMINE THE BIOPHARMACEUTICAL 
DRUG PRODUCTION PROCESS UNIT 
OPERATION SEQUENCE 



DETERMINE THE SCHEDULING CYCLES FOR 
EACH OF THE UNIT OPERATIONS IN THE 
PROCESS 



CROSS REFERENCE ALL NECESSARY UNIT 
OPERATION PARAMETERS WITH THE UNIT 
OPERATION SEQUENCE 



GENERATE THE BLOCK FLOW DIAGRAM 
SHOWING INPUT AND OUTPUT MATERIAL 
QUANTITIES FOR EACH UNIT OPERATION, 
DETERMINE EQUIPMENT CAPACITY 
REQUIREMENTS 



GENERATE PROCESS TIME LINE SHOWING 
THE BEGINNING AND ENDING TIMES FOR 
EACH UNIT OPERATION AND ASSOCIATED 
TASK IN THE PRODUCION PROCESS 
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FIG. 2 
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IDENTIFY REQUIRED AMOUNTS OF 
BIOPHARMACEUTICAL PRODUCT 



202 



DETERMINE THE NUMBER OF BATCHES/ 
REACTOR CYCLES RUN PER YEAR 



204 



DETERMINE THE YIELD OF EACH 
BATCH/REACTOR CYCLE 
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CALCULATE THE NECESSARY REACTOR 
VOLUME. AND ASSOCIATED SEED 
REACTOR VOLUMES 
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FIG. 5 



UNIT OPERATION LIST OF 
UNIT OPERATIONS FOR THE 

BIOPHARMACEUTICAL 
PRODUCTION PROCESS AND 
EACH ASSOCIATED UNIT 
OPERATION IDENTIFIER CODE 




PROCESS PARAMETERS TABLE 
WITH ALL UNIT OPERATIONS. 
ASSOCIATED UNIT OPERATION 
IDENTIFIER CODES AND 
ASSOCIATED PARAMETERS 



UNIT OPERATION LIST IS CROSS REFERENCED 

INTO THE PROCESS PARAMETERS TABLE TO 
RETRIEVE ALL PARAMETERS ASSOCIATED WITH 
EACH UNIT OPERATION IN THE UNIT OPERATION 
SEQUENCE 
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UNIT OPERATION LIST TABLE 

FOR BIOPHARMACEUTICAL 
PRODUCT PROCESS INCLUDING 
ALL PARAMETERS ASSOCIATED 
WITH EACH UNIT OPERATION 
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FIG. 6 A 



UNIT OPERATION 
ID CODE 


UNIT OPERATION TYPE 


PARAMETERS 


1 


INOCULUM PREP 


i OF FLASKS. VOLWE OF FLASKS, TEtfERATURE, AGITATION. OURATION. FINAL 00 


2 


FLASK GROWTH 


SCALE UP RATIO. KEDIA VOLUTE. TEHPERATURE . AGITATION. OURATION. FINAL 00 


3 


FERHENTATION SEED 


oWLt W KAIIU, rtnrtNIUH HJHKlNb VULWt. AHIIHJAH. BASE ACID. GROW 
TEHPERATURE. AGITATION. SPARGE RATE. BACK PRESSURE. TOTAL DURATION 


\ 


FERMENTATION PROOUCTION 


SCALE UP RATIO. GERffNIOR WORKING VOLUHE. ANTIFOAH A. ANTIFOAH B. BASE, ACIO. 
GROW TEHPERATURE, AGITATION. SPARGE RATE. BACK PRESSURE. TOTAL OURATION, FINAL 
OK. DRY CELL HASS, PRODUCT CONCENTRATION, CIP. SIP 


5 


[EAT EXCHANGE 


PROCESS INITIAL S FINAL TEHP : UTILITY INITIAL 8 FINAL TEHP, PROCESS SPECIFIC £AT ; 
DESIGN TYPE. STEP RECOVERY OF PRODUCT. STEP RECOVERY OF T.P.. TEHPERATURE 
REGULATION. CIP. SIP 


6 


BATCH CENTRIFUGAT I ON 


SYSTEM VOID VOLUHE, RCF. TIME. VOLUHE REDUCTION. WASH VOLUHE. CLEAN. RINSE 


/ 


RESOLUBLIZATION RESUSPENSION 


REAGENT /PRODUCT PATIO. TITRATION SOLUTION. RESOLUBLIZATION. AGITATION. SOLUTION 
NAHE. STEP RECOVERY OF THE PRODUCT. STEP RECOVERY OF T.P., TEHPERATURE 
REGULATION. CIP. SIP 


8 


CELL DISRUPTION HIGH PRESS. 
HOitlOGENIZATION 


PRODUCT TERHPERATURE. UNILITY TEHPERATURE. VOID VOLUHE. NUMBER OF PASSES. 
PRESSURE. ROW RATE. TEHPERATURE INCREASE. WASH. RINSE. STEP RECOVERY OF 
PRODUCT. STEP RECOVERY OF T.P.. TERHPERATURE REGULATION, CIP 


9 


DILUTE WITH SURFACTANT 


nriPfirT fWYMl/^T fllTTrt TTTHITTAil O/MllTTAll f\TlifTTAH tti/T iaTtittaii aim irrtAit imtr 

REAGENT PRODUCT RATIO. TITRATION SOLUTION. OILUTION TIME. AGITATION. SOLUTION NAHE. 
STEP RECOVERY OF PRODUCT. STEP RECOVERY OF T.P.. TEHPERATURE REGULATION. CIP. 

SIP 


10 


BATCH CENTRIFUGATION 
PRECIPITATE HARVEST 


SYSTEM VOID VOLUKE, RCF, TIHE. VOLUJE REDUCTION. WASH VOLUHE. CLEAN. RINSE. 
STEP RECOVERY OF PRODUCT, STEP RECOVERY OF T.P.. TEHPERATURE REGULATION. CIP. 

SIP 


11 


RESUSPEND WITH CHAOTROPE 


REAGENT /PRODUCT RATIO, TITRATION SOLUTION. RESOLUBLIZATION. AGITATION. SOLUTION 
NAHE, STEP RECOVERY OF PRODUCT. STEP RECOVERY TO TP. TEHPERATURE REGULATION. 

CIP. SIP 


• 




• 
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FIG. 6B 



504 



SOLUTION TYPE 


TASKS 


TASK DURATION 


S-101 


INCUBATION. CLEANUP 


3. 3. 23. .3. HRS 


S-101 


CCTIP PRFTWfl RATTAN 

INCUBATION. CLEAN UP 


1. 1. 23. .3. fflS 


S-KI1 1(1? 

103. 104. 105 


SETUP. PREINCUBATION. 
FERHENTATION. HARVEST. CIP. 
SIP. CLEANUP 


1. 1. 21. .5. 1. 1. 3 HRS 


9 in i in? 
103. 104. 105 


SETUP. PREINCUBATION. 
FERMENTATION. CIP. SIP, 
CLEANUP 


• 




CCTlp TDAUOTD PTD CTD 

oclur, IHAHortn, llr, Mr, 

CLEANUP 




S-lOG 


VHP ffldTRTRKATTfld VAQH 

CIP. SIP. CLEANUP 


• 


S-107 


VHP nTIIITTflW ACITATP PTP 
DClUr, U1LUI1UT1, AbliAlt, llr, 

SIP. CLEANUP 


• 


S-107 


SETUP, LYSIS. CIP. SIP. CLEAN 
UP 


• 


S-108 


SETUP, DILUTION. AGITATE. CIP. 
SIP. CLEANUP 


• 


S-108 


SEW, CENTRIFUGATION. VASH. 
CIP. SIP. CLEAN UP 


• 


S-103 


SETUP, FLUSH. PfilHE. 
CONCENTRATION. DILUTION. HASH. 
FLUSH. STORE, CIP. SIP. 
CLEANUP 


* 


• 


• 


• 
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FIG. 7 



UNIT OPERATION LIST TABLE 

FOR BIOPHARMACEUTICAL 
PRODUCT PROCESS INCLUDING 
ALL PARAMETERS ASSOCIATED 
WITH EACH UNIT OPERATION 




704 



BLOCK FLOW DIAGRAM 
CALCULATION SETS. ONE 
CALCULATION SET FOR EACH 
ASSOCIATED UNIT OPERATION 



UNIT OPERATION LIST IS CROSS REFERENCED 
INTO THE BLOCK FLOW DIAGRAM CALCULATION 
SET TO CALCULATE INPUT AND OUTPUT 
MATERIAL AND PROCESS FLOW RATES 




708 
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FIG. 9 



UNIT OPERATION LIST TABLE 

FOR BIOPHARMACEUTICAL 
PRODUCT PROCESS INCLUDING 
ALL PARAMETERS ASSOCIATED 
WITH EACH UNIT OPERATION 




BLOCK FLOW DIAGRAM 
CALCULATION SETS. ONE 
CALCULATION SET FOR EACH 
ASSOCIATED UNIT OPERATION 



GENERATE PROCESS TIME LINE FROM UNIT 
OPERATION SEQUENCE. ASSOCIATED TASK 
LISTS AND TASK DURATION INFORMATION - 



904 



PROCESS TIME LINE, 
INCLUDING START AND STOP 

TIMES FOR EACH TASK 
ASSOCIATED WITH A UNIT 
OPERATION 
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FIG. 10 

SAMPLE APPLICATION OF PROCESS DESIGN CYCLES IN PROCESS SCHEDULING 
HICROBIAL FERMENTATION PROCESS (SEE UNIT OPERATION LIST! 

FIRST PROCESS CYCLE SECOND PROCESS CYCLE 

DURATION VEEK DAY WEEK DAY 

NOTE: NONE OF THE UNIT OPERATIONS IN THIS PROCESS HAVE MORE THAT 1 CYCLE PER UNIT OPERATION 

(SEE UNIT OPERATION 8 IN THE HAMHALIAN CELL CULTURE PROCESS FOR AN EXAMPLE OF MULTIPLE CYCLES PER UNIT OPERATIONI 

UNIT OPERATIONS 1-6 UNDERGO THREE REPETATIVE CYCLES PER BATCH AS A SET BEFORE CONTINUING WITH UNIT OP 7 
THIS TRANSLATES TO THREE RUNS ON A FERHENTOR VflTH EACH HARVEST (UNIT OP 5 8 G) BEING STORED FOR POOLING AT UNIT OP 7 
ASSOCIATED WITH EACH FERHENTOR RUN (UNIT OP 41 ARE THE PREVIOUS STEPS FOR INNOCULATION PREP (UNIT OPS 1-3) 
1/3 FERMENTATION CYCLES PER BATCH 



1 


INOCULUM PREP 


24 HRS 


1FRI - 


SAT 


2 FRI - 


SAT 


2 


FLASK GROWTH 


24 HRS 


2 SAT - 


SUN 


3 SAT - 


SUN 


3 


SEED FERHENTAION 


24 HRS 


2 SUN - 


HON 


3 SUN - 


HON 


4 


PRODUCTION FERMENTATION 


24 HRS 


2 HON - 


TUE 


3 HON - 


TUE 


5 


HEAT EXCHANGE 


1 HR 


2 TUE 




3 TUE 




G 


CENTRIRJGATION 


1NR 


2 TUE 




3 TUE 




2/3 FERMENTATION CYCLES PER BATCH 












1 


INOCULUH PREP 


24 HRS 


2 SUN - 


HON 


3 SUN - 


HON 


2 


FLASK GROWTH 


24 HRS 


2 HON - 


TUE 


3 HON - 


TUE 


3 


SEEO FERHENTAION 


24 HRS 


2 TUE - 


WED 


3 TUE - 


WED 


4 


PRODUCTION FERMENTATION 


24 HRS 


2 WED - 


THU 


3 WED - 


THU 


5 


HEAT EXCHANGE 


1 HR 


2 THU 




3 THU 




G 


CENTRIFKGATION 


1 HR 


2 THU 




3 THU 




3/3 FERMENTATION CYCLES PER BATCH 












1 


INOCULUH PREP 


24 HRS 


2 TUE - 


WED 


3 TUE - 


WED 


2 


FLASK GROWTH 


24 HRS 


2 WED - 


THU 


3 WED - 


THU 


3 


SEEO FERHENTAION 


24 HRS 


2 THU - 


FRI 


3 THU - 


FRI 


4 


PRODUCTION FERMENTATION 


24 HRS 


2 FRI - 


SAT 


3 FRI - 


SAT 


5 


HEAT EXCHANGE 


1 HR 


2 SAT 




3 SAT 




G 


CENTRIRJGATION 


1 HR 


2 SAT 




3 SAT 




UNIT OPERATION 7 POOLS THE HARVESTS FROM THE THREE FERMENTATION CYCLES ABOVE 








7 


POOL HARVESTS 


3 HR 


3 HON 




4 HON 





UNIT OPERATIONS 8-9 UNDERGO THREE REPETATIVE CYCLES PER BATCH AS SET BEFORE CONTINUING WITH UNIT OPERATION 11 
THIS TRANSLATES TO THREE CONSECUTIVE PASSES THROUGH CELL DISRUPTOR (UNIT OP 91 WITH ITS ASSOCIATED HEAT EXCHANGERS 
(UNIT OP B 8 101 AT THE INLET AND THE OUTLET OF THE CELL DISRUPTOR 



1/3 DISRUPTION CYCLES PER BATCH 

8 HEAT EXCHANGE 

9 CELL DISRUPTION 

10 HEAT EXCHANGE 0.5 HR 3 HON 4 HON 
2/3 DISRUPTION CYCLES PER BATCH 

8 HEAT EXCHANGE 

9 CELL DISRUPTION 

10 HEAT EXCHANGE 0.5 HR 3 HON 4 HON 
3/3 DISRUPTION CYCLES PER BATCH 

8 HEAT EXCHANGE 

9 CELL DISRUPTION 

10 HEAT EXCHANGE 0.5 HR 3 HON 4 HON 
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FIG. 11 

SAMPLE APPLICATION OF PROCESS DESIGN CYCLES IN PROCESS SCHEDULING 
HICROBIAL FERMENTATION PROCESS (SEE UNIT OPERATION LIST) 

FIRST PROCESS CYCLE SECOND PROCESS CYCLE 

OURATION WEEK OAY WEEK DAY 

UNIT OPS 11-12 UNDERGO TWO REPETATIVE CYCLES PER BATCH AS A SET BEFORE CONTINUING WITH UNIT OP 13 
THIS TRANSLATES TO TWO CYCLES OF RESUSPENDING THE CELL TYSATE FROM THE CELL DISRUPTOR IN A NILD 
SURFACTANT AND RECONCENTRATING THE INSOLUBLE PRODUCT TO A PASTE BY CENTRIFUGATION 
1/2 PRODUCT WASHING CYCLES PER BATCH 

11 RESUSPENSION 0.5 HR 3 HON HON 

12 CENTRIFUGATION 1 HR 3 HON 4 HON 
2/3 PRODUCT WASHING CYCLES PER BATCH 

11 RESUSPENSION 0.5 HR 3 HON 4 HON 

12 CENTRIFUGATION 1 HR 3 HON 4 HON 
UNIT OPS 13-22 UNDERGO ONLY ONE CYCLE PER UNIT OPERATION EACH TO THE END OF THE PROCESS 

13 RESUSPENSION 0.5 HR 3 HON 4 HON 

14 BUFFER EXCHANGE 2 HR 3 HON 4 HON 

15 FILTRATION - 2 HR 3 HON 4 HON 

1G LIOUIO CHROMATOGRAPHY IB HRS 3 HON - M 4 HON - TUE 

17 LIQUID CHROMATOGRAPHY 4 HRS 3 TUE 4 TUE 

18 BUFFER EXCHANGE 2 HRS 3 TUE TUE 

19 LIQUID CHROMATOGRAPHY 2 HRS 3 WED 4 WED 

20 BUFFER EXCHANGE 2 HRS 3 WED 4 WED 

21 LIOUIO CHROMATOGRAPHY 2 HRS 3 WED 4 WEO 

22 FILTRATION 2 HRS 3 WED 4 WED 
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pi 
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1.00 
1.0 
1.0 
2.0 




1.00 
1.00 
0.10 
0.25 
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0.50 
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CLEANUP 


SUBTOTAL 


5 B HEAT EXCHANGE 

SETUP 
TRANSFER 
CIP 
SIP 

CLEANUP 


SUBTOTAL 


6 B CONT. CENT./SOLIDS 
SETUP 

CENTRIFUGATION 
WASH 
CIP 
SIP 

CLEANUP 


SUBTOTAL 


1 C INOCULUM PREP 
SETUP 

PREINCUBATION 

INCUBATION 

CLEANUP 


SUBTOTAL 
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NO. OF HEDIA/SERUH WASHES 
SERUM CONTENT 




LITERS 

Ww/L 


115 


INITIAL COUPLING 


FLASK FED VOLUKE 

VPOTI /PI AQV QATTn 

iloxLmLAoK nAUU 

uCARRIER DENSITY 
NUMBER OF PBS WASHES 
NUMBER OF MEDIA WASHES 
NO. OF KEOIA/SERUH WASHES 




4 LITERS 

A 4 1 pel 1 0(1 CI icy 

U.l L LtLLo/L rLAoK 

5 Gji/LITER 
2 

1 

2 FBS 


TIB 


ADDITIONAL COUPLING 


ppArrnn ppph vhiimp 

SPINNER/REACTOR RATIO 
uCARRIER DENSITY 
NUMBER OF PBS WASHES 
NUMBER OF MEDIA WASHES 
NO. OF HEDIA/SERUH WASHES 




qaa i ttcdc 
8 3 

'5 Gm/LITER 
2 
1 
2 


117 


PEPTIDE CLEAVAGE 


REACTOR FEED VOLUME 
NUMBER OF PBS WASHES 
NUMBER OF MEDIA WASHES 
NO. OF HEDIA/SERUH WASHES 
SERUH CONTENT 




100 LITERS 

i 2 
2 
2 

2.0% FETAL BOVINE SERUH 


T18 


TISSUE THAWING 


CRUDE PRODUCT YEILD 
ENYIRONHENTAL TEMPERATURE 
THAW DURATION 




25 Go CRUDE PROD./Kg TISSUE 
25 C 
1G HOURS 


T13 


KOHOGENIZATION 


CRUDE PRODUCT YEILD 
LIQUID/SOLID RATIO 
HOHHOGENIZATION TEMP. 
HOHHOGEHIZER TYPE 
ENERGY INPUT 
DURATION 




25 Go CRUDE PROD. /Kg TISSUE 
10 L SOLUTION/KG TISSUE 
1 C | 
RS 

200 HP/100L/KR 
\ HOURS 1 


T20 


LIQUID THAWING 
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FIG. 15B 



GROUP 2 


GROUP 3 


PARAMETER 


SOLN. 




PARAMETER 


SOLN. 
















PBS WASHES 
TRYPSIN WASH 




200 HI 
100 HI 








pern PATF 
rtui mlc 

DAYS TO CONaUENCE 
PBS WASHES 
TRYPSIN WASH 




1 RTfl PFR VFOTI PPP 

1 rttU rtn iloolL rtn 

2 DAYS 
2 DAYS 

200 HI | 
100 HI ! 


AUDI TtTPATTAU CAPTffl 
AnrLlrltAIIUN rALlUn 




4fln¥ 


SERUM CONTENT 

rrrn niTT 

FEED RATE 

DAYS TO CONFLUENCE 




2.0% FETAL BOVINE SERUH 

1 FEED PER VESSEL PER 

2 OAYS ! 
2 OAYS 


AlfllFICATION FACTOR 




100% 


SERUH CONTENT 

rrrn nur 

FEED RATE 

DAYS TO CONH.UENCE 
SERUH FREE MEDIA WASHES 




2. OX FETAL BOVINE SERUH 

i rrrn nrn i/rccri nrn 

1 FED PER VESSEL PER 

2 OAYS 
10 OAYS 
2 


PRODUCT CONCENTRATION 

TftTii nnnTrTii f/ui^rii 

TOTAL PROTEIN CONCEN. 




2500% Hg PROO/L 
0.125 Hg TP/HI 


NUMBER OF REACTORS 

rrrn nnr 

FEED RATE 

DAYS TO CONFLUENCE 




l ! 

4 rrrn nrn urccri nrn 

1 FEED PER VESSEL PER 
1 OAYS 
10 DAYS 


PRODUCT CONCENTRATION 
TOTAL PROTEIN CONCEN. 




2500% Hg PR00/L 
0.125 Hg TP/HI 


SERUH CONTENT 

rrrn niir 

FEED RATE 

DAYS TO CONFLUENCE 




2.0% FETAL BOVINE SERUH 

4 rrrn nrn i/roori nrn 

1 RED PER VESSEL PER 

2 DAYS 
2 DAYS 


AMPLIFICATION FACTOR 




100% 


ScRUH CONTENT 
FEED RATE 

DAYS TO CONFIUFNCE 
SERUH FREE MEDIA WASHES 




2.0» FEIAL BOVINE SERUH 

1 FEED PER VESSEL PER 

2 OAYS 
10 OAYS 
2 


PRODUCT CONCENTRATION 
TOTAL PROTEIN CONCEN. 




2500% Hg PROO/L 
0.125 Hg TP/HI 


NUMBER OF REACTORS 
FEED RATE 

DAYS TO CONRUENCE 




1 

1 FEED PER VESSEL PER 
1 OAYS 
10 DAYS 

iv I/O l u 


HARVEST VOLUME 
PRODUCT CONCENTRATION 
TOTAL PROTEIN CONCEN. 




500% LITERS 

25 Hg PR0D/L 
0.125 Hg TP/HI 


CONTAHINANT PROTEIN CONC. 




100 Ga/l 


TEMPERATURE REGULATION 

CIP 

SIP 




Y 
Y 
Y 


CONTAMINANT PROTEIN CONC. 




100 Gs/L 


TEMPERATURE REGULATION 

CIP 

SIP 




Y ! 

Y 
Y 








AMPLIFICATION FACTOR 




100% 
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FIG. 16 A 







GROUP 1 


UNIT OPERATION TYPE j 


PARAMETER 


SOLN. 




T21 


PRODUCT Ppt BY SOLIDS 


REAGENT 
CONCENTRATION 




1 H 


T22 


PRODUCT Ppt BY LIQUIDS 


REAGENT 
ONCENTRATION 




1 H 


T23 


CONTAIMENT Ppt BY SOLIDS 


REAGENT 
CONCENTRATION 




1 H 


T24 


CONTAINHENT Ppt BY LIQUIDS 


REAGENT 
CONCENTRATION 




1 H 


T25 


SOLIDS HARVEST 
TANGENTIAL PLOW HF 


POROSITY 

AVERAGE FLUX RATE 

TOTAL THROUGHPUT 
FILTRATION TIME 




0.2 HICRON 

11 L/SF/KR AT 

<0 PSIG AT 

4 C 
400 LITERS/SF 

1 If) 


T2G 


CONTINUOUS CENTRIRJGATION 
SOLIDS HARVEST 


SYSTEH VOIO VOLUHE 




5 LITERS 


T27 


CONTINUOUS CENTRIFUGATION 
SUPERNATANT HARVEST 


SYSTEH VOIO VOLUHE 




G LITERS 


12 


DILUTION 


SYSTEH VOID VOLUHE 




G LITERS 


m 


BATCH CENTRIFUGATION 
SOLIDS HARVEST 


SYSTEM VOID VOLUHE 




G LITERS 
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FIG. 16B 



GROUP 2 


GROUP 3 j 


PARAMETER ! 


50LN. 




PARAMETER 


SOLN. 




Kqbs of reagent/liters product 
temperature 
addition tike 
additional hix time 




0.25 Kg/L 
\ C 

a r 1 LAI DO 

0.5 HOURS 
2 HOURS 


STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% 

95% .. 

I 

1 1 
' 1 


LITERS REAGENT/LITERS PRODUCT 
TEMPERATURE 
ADDITION TIME 
ADDITIONAL HIX TIME 




0.25 L/L 

4 C 
0.5 HOURS 

2 HOURS 


STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% ! 
95% 

1 

r j 


tons OF REAGENT/LITERS PRODUCT 
TEMPERATURE 
ADDITION TIME 
ADDITIONAL HIX TIKE 




0.25 Kg/L 
\ C 

0.5 HOURS 
2 HOURS 


STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% 
95% 


LITERS REAGENT /LITERS PRODUCT 
TEMPERATURE 
ADDITION TIME 
ADDITIONAL HIX TIME 




0.25 L/L 

< C 
0.5 HOURS 

2 HOURS 


STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% 
95% 

' 1 1 


FLUSH 
PRIME 

CONCENTRATION FACTOR 
WASH 

REGENERATE 
STORE 




2 l/SF 
2 L/SF 
10 FOLD 
0.5 L/SF 

1 L/SF 

2 L/SF 


STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% 
95% 

Y 


RCF 
TIME 

VOLUME REDUCTION 
WASH VOLUME 




10.000 X G 
GO MINUTES 
30 X VOL. REDUCTION 
0.2 X SYSTEM VOID VOLUHE 


STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% 
95% 

Y | 

Y ! 

Y 


RCF 
TIME 

VOLUME REDUCTION 
WASH VOLUME 




10.000 X G 
30 MINUTES 

a jinn km nrniiATTnii 

0.0G2 VOL. REDUCTION 
1.5 X SYSTEM VOID VOLUME 


STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




85% 
0.3 

y i 

Y 

V 1 


RCF 
TIKE 

VOLUME REDUCTION 
WASH VOLUME 




10.000 X G 
30 MINUTES 
IB X VOL. REDUCTION 
1.5 X SYSTEM VOID VOLUHE 


STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% • 
0.95 

Y 


RCF 
TIKE 




10.000 X G 
30 MINUTES 


STEP RECOVERY OF PR00UC1 
STEP RECOVERY OF T.P. 


f 


95% "1 

0.95 1 
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FIG. 17 A 





GROUP 1 




UNIT OPERATION TYPE 


PARAMETER ! 


50LN. 












T30 BATCH CENTRIFUGATION ! 
SUPERNATANT HARVEST 


SYSTEM VOID VOLUHE 




6 LITERS 


131 CELL DISRUPTION 
HIGH PRESS. HOHOGEN. 


PRODUCT TEMPERATURE 
TILITY TEMPERATURE 
OID VOLUHE 




8 C 
2 C 

5 LITERS 


132 CELL DISRUPTION 
BEAD HILL 


NUMBER OF PASSES 
BEAD SIZE 
VOIO VOLUME 
FLOW RATE 




2 

0.5 LPH 


133 CELL DISRUPTION 
CHEHICAL LYSIS 


REAGENT 
EHPERATURE 
EXPOSURE TIME 




0.5 H NaOH 
4 C 

2 HOURS 




T34 HICROFILTRATION 
TANGENTIAL FLOW 


POROSITY 

AVERAGE FLUX RATE 

TOTAL THROUGHPUT 
FILTRATION TIME 




0.2 HICRON 
50 L/SF/HR AT 
40 PSIG AT 

4 C 
400 LITERS/SF 

2 HR 




T35 HICROFILTRATION 
DEADEND 


POROSITY 

AVERAGE FLUX RATE 

TOTAL THROUGHPUT 
FILTRATION TIME 




0.2 HICRON 
50 L/SF/HR AT 
40 PSIG AT 
4 C 

400 LITERS/SF 

0.5 HR 




T3G ULTRAFILTRATION 
CONCENTRATION/DILUTION 

vvl1vL.li 1 1 hi 1 wlLV 1 XVIi 


POROSITY 

AVERAGE FLUX RATE 
CONCENTRATION TIHE 




ret v LM.fi 

GO K NnwL 

3 L/SF/HR AT 
40 PSIG AT 

4 C 

2 HR. 




T37 ULTRAFILTRATION 
FLOW OIALYSIS 


POROSITY 

AVERAGE FLUX RATE 




GO K NHWL 

3 L/SF/HR AT 
40 PSIG AT 

4 C 
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FIG. 17 B 



GROUP 2 


GROUP 3 


PARAHETER 


SOLN. 




PARAMETER 


SOLN. 
















VOLUME REDUCTION 
WASH VOLUME 




if* u if ai nrrvtiAtTAii 

16 X VOL. REDUCTION 
1.5 X SYSTEM VOID VOLUME 


TEMPERATURE REGULATION 

CIP 

SIP 




Y 
Y 
Y 


RCF 
Tilt 

VOLUME REDUCTION 
VASH VOLUME 




10000 X G 
30 MINUTES 
16 X VOL. REDUCTION 
1.5 X SYSTEM VOID VOLUME 


STEP RECOVERY OF PROOUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% 
0.95 

Y 
Y 

¥ ! 


NUMBER OF PASSES 
PRESSURE 
FLOW RATE 

TEMPERATURE INCREASE 




6 TIMES 
12.000 PSI 
5 LPH 

l.B DEGREES C/1.000 PSI 


RINSE 

STEP RECOVERY OF PROOUCT 
STEP RECOVERY OF T.P. 
TEMPERATURE REGULATION 
CIP 
SIP 




500% VOID VOLUMES 
95% 
95% 

Y 
Y 
Y 








STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 




95% 








TEMPERATURE REGULATION 

CIP 

SIP 




Y 
Y 
Y 


LITERS REAGENT/Ga PRODUCT 
TITRATION 




0.4 L/Gn 
0 HI/LITER 


STEP RECOVERY OF PROOUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% 

Y 
Y 

Y ! 


FLUSH 
PRIHE 

VASH i 

SOLIDS 

REGENERATE 

STORE 




2.00 L/SF 
2.00 L/SF 
0.50 L/SF 

0.30% OF PRODUCT SOLUTION 
1.00 L/SF 
2.00 L/SF 


STEP RECOVERY OF PROOUCT 
STEP RECOVERY OF T.P. 

TEMPERATURE REGULATION 

CIP 

SIP 




95% 
95% 

Y 
Y 
Y 


FLUSH 

PRIHE 

VASH 

SOLIDS 

REGENERATE 

STORE 




0 L/SF 

0 L/SF 
0.5 L/SF 

0.003 OF PRODUCT SOLUTION 

1 L/SF 

2 L/SF 


STEP RECOVERY OF PROOUCT 
STEP RECOVERY OF T.P. 

TEHPERATURE REGULATION 

CIP 

SIP 




95% ! 
0.95 

N 
N 
N 


CI IKMJ 

FLUSH 
PRIHE 
VASH 

DILUTE CONCENTRATE 

SOLIDS 

REGENERATE 




n An 1 IOC 

2.00 L/SF 
2.00 L/SF 
0.50 L/SF 
10.0 FOLO 

0.30% OF PRODUCT SOLUTION 
1.00 L/SF 


STORE 

STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 
TEHPERATURE REGULATION 
CIP 
SIP 




2.00 L/SF 

95% 

95% 

Y 
Y 
Y 


FLUSH 
PRIHE 

DIALYSIS BUFFER 
VASH 




2 L/SF 
2.00 L/SF 

5.0 X FEED STREAM VOLUHE 
0.50 L/SF 


STORE 

STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 
TEHPERATURE REGULATION 




200% L/SF 
i 95% 
95% 

Y 
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FIG. 18 A 







GROUP 1 


UNIT OPERATION TYPE 


PARAMETER 


SOLN. 








DIALYSIS TIHE 




1 Ifl 


138 


PROO. AOS. CHROMATOGRAPHY 
HPLC 


COLUHN CAPACITY 
OLUHN OVERSIZE FACTOR 
OLUMN ASPECT RATIO 
MAX. LINEAR VELOCITY 




10 Hg PROO./MI OF PACKING 
1.5 FOLD 
0.3/ H/D 
100 Ci/KR AT 
45 PSIG AND 
4 C 


T39 


PROO. AOS. CHROMATOGRAPHY 
HPLC 


COLUMN CAPACITY 
COLUHN OVERSIZE FACTOR 
OLUMN ASPECT RATIO 
MAX. LINEAR VELOCITY 




10 Hg PROO./HI OF PACKING 
1.5 FOLO 

0.37 H/0 ! 
100 Ci/HR AT 
45 PSIG AND 
4 C 


140 


PROO. AOS. CHROMATOGRAPHY 
LPLC 


COLUHN CAPACITY 
COLUHN OVERSIZE FACTOR 
COLUHN ASPECT RATIO 
MAX. LINEAR VELOCITY 




10 Hg PROO./HI OF PACKING 
1.5 FOLO 
0.37 H/D 
100 Ci/HR AT 
45 PSIG AND 
4 C 


141 


CONT. ADS. CfflOHATOGRAPHY 
HPLC 


COLUMN CAPACITY 
COLUMN OYERSIZE FACTOR 
COLUHN ASPECT RATIO 
MAX. LINEAR VELOCITY 




30 Hg CONT. /HI OF PACKING 
1.5 FOLO 
0.37 H/D 
100 Ci/HR AT 
45 PSIG AND 
4 C 


T42 


CONT. ADS. CHROMATOGRAPHY 
HPLC 


COLUMN CAPACITY 
COLUMN OYERSIZE FACTOR 
COLUMN ASPECT RATIO 
MAX. LINEAR VELOCITY 




10 Hg CONT. /HI OF PACKING 

1.5 FOLD 
0.37 H/D 

100 Ci/HR AT 

45 PSIG AND 
400% C 


T43 


CONT. ADS. CHROMATOGRAPHY 
LPLC 


COLUMN CAPACITY 
COLUHN OYERSIZE FACTOR 
COLUMN ASPECT RATIO 
MAX. LINEAR VELOCITY 




10 Hg CONT. /HI OF PACKING 
1.5 FOLO 
0.37 H/D 
100 Ci/HR AT 
45 PSIG AND 
4 C 


T44 


SIZE EXCL. CHROMATOGRAPHY 
HPLC 


LOAD CAPACITY 
LENGTH 

MAX. LINEAR VELOCITY 
VOID VOLUME 




5% OF TOTAL COLUMN VOLUHE 
100 Ci 
100 Ci/HR AT 

45 PSIG AND 

4 C 

25% COLUMN VOLUME 


T4J 


i SIZE EXCL. CHROHATOGfWHY 
HPLC 


LOAD CAPACITY 
LENGTH 

MAX. LINEAR VELOCITY 
VOID VOLUHE 




5% OF TOTAL COLUMN VOLUHE 
100 Cs 
100 Ca/HR AT 

45 PSIG AND 

4 C 

m COLUMN VOLUHE 
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FIG. IBB 



GROUP 2 


GROUP 3 | 


PARAMETER ! 


>OLN. 




PARAMETER 


SOLN. 




SOLIDS 
REGENERATE 




0.30% OF PRODUCT SOLUTION 
1.00 L/SF 


CIP 
SIP 




I 
Y 


COLUMN EQUILIBRATION 
COLUKN VASH 
COLUKN ELUTE A 
COLUm ELUTE B 
COLUm REGENERATE 
COLUMN STORE 




5 COLUm VOLLfCS 
3 COLIN) VOLUTES 
3 COLUHN VOLUtCS 

0 COLUHN VOLUMES 

1 COLUHN VOLUMES 

2 COLUMN VOLUMES 


PROD. ELUTION VOLUME 
STEP RECOVERY OF PRODUCT 

r>Tm nri*Aumv at t n 

STEP RECOVERY OF T.P. 
TEMPERATURE REGULATION 
CIP 
SIP 




80% 
95% 

9b* | 

N 
Y 
Y 


COLUHN EQUILIBRATION 
COLUMN VASH 
COLUW ELUTE A 
COLUm ELUTE B 
COLUW REGENERATE 
COLUMN STORE 




5 COLUHN VOLUMES 
3 COLUW VOLUMES 
3 COLUKN VOLUMES 

0 COLUW VOLUMES 

1 COLUW VOLUMES 

2 COLUW VOLUTES 


PROD. ELUTION VOLUTE 
STEP RECOVERY OF PRODUCT 

Arm nrAAiimii at t n 

STEP RECOVERY OF T.P. 
TEMPERATURE REGULATION 
CIP 
SIP 




80% 

95% I 

95% 

N 

Y 
Y 


COLUM EQUILIBRATION 
COLUMN VASH 
COLUMN ELUTE A 
COLUW ELUTE B 
COLUW REGENERATE 
COLUW STORE 




5 COLUHN VOLUMES 
3 COLUW VOLUMES 
3 COLUW VOLUHES 
2 COLUMN VOLUHES 

1 COLUW VOLUHES 

2 COLUHN VOLUHES 


PROD. ELUTION VOLUME 
STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 
TEMPERATURE REGULATION 
CIP 
SIP 




42% I 

95% 
95% 

N 

i ' 1 

1 1 i 


COLUMN EQUILIBRATION 
COLUMN VASH 
COLUW ELUTE A 
COLLMI ELUTE B 
COLUHN REGENERATE 
COLUHN STORE 




5 COLUW VOLUMES 
3 COLUW VOLUHES 
3 COLUW VOLUHES 
2 COLUW VOLUHES 

1 COLUW VOLUTES 

2 COLUW VOLUHES 


PROD. ELUTION VOLUHE 
STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 
TEMPERATURE REGULATION 
CIP 
SIP 




42% 
95% 
95% 

N 

Y 


COLUHN EQUILIBRATION 
COLUHN VASH 
COLUHN ELUTE A 
COLUMN ELUTE B 
COLUMN REGENERATE 
COLUMN STORE 




5 COLUW VOLUHES 
3 COLUW VOLUMES 
3 COLUW VOLUHES 
2 COLUW VOLUHES 

1 COLUW VOLUHES 

2 COLUW VOLUMES 


PROD. ELUTION VOLUTE 
STEP RECOVERY OF PRODUCT 
STEP RECOVERY OF T.P. 
TEMPERATURE REGULATION 
CIP 
SIP 




42% 
95% 
95% 

N 1 

Y 


COLUMN EQUILIBRATION 
COLUMN VASH 
COLUMN ELUTE A 
COLUMN ELUTE B 
COLUMN REGENERATE 
COLUW STORE 




5 COLUW VOLUHES 
3 COLUW VOLUTES 
3 COLUKN VOLUHES 
2 COLUW VOLUHES 

1 COLUW VOLUHES 

2 COLUW VOLUHES 


PROD. ELUTION VOLUHE 
STEP RECOVERY OF PRODUCT 

PTm cvaai tmv at* t n 

STEP RECOVERY OF T.P. 
TEMPERATURE REGULATION 
CIP 
SIP 




42% COLUMNS VOLUHES 1 

95% 

95% 

Y 

Y 1 


COLUM) EQUILIBRATION 
COLUMN VASH 
COLUHN REGENERATE 
COLUW STORE 




4 COLUW VOLUMES 
1 COLUW VOLUHES 

1 COLUW VOLUrtS 

2 COLUW VOLUHES 


PROD. ELUTION VOLUHE 
STEP RECOVERY OF PRODUCT 

CTCD OCNWCQY (t I D 

oltr ntlUVtnl Ur l.r. 
TEMPERATURE REGULATION 
CIP 
SIP 




42% COLUMNS VOLUMES 
95% 

N 
Y 
Y 


COLUW EQUILIBRATION 
COLUW VASH 
COLUW REGENERATE 
COLUW STORE 




4 COLUW VOLUHES 
1 COLUW VOLUMES 

1 COLUW VOLUHES 

2 COLUW VOLUHES 


PROD. ELUTION VOLUHE 
STEP RECOVERY OF PR00UC1 
STEP RECOVERY OF T.P. 
TEMPERATURE REGULATION 
CIP 
SIP 




42% COLUMNS VOLUMES 

95% 

95% 

N 
Y 
Y 
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FIG. 19A 







GROUP 1 




UNIT OPERATION TYPE 


PARAMETER 


SOLN. 














T46 


SIZE EXa. CHROMATOGRAPHY 
PLC 


LOAD CAPACITY 
ENGTH 

iv i Turin uri a/»ttv 

AX. LINEAR VELOCITY 
VOIO VOLUME 




SX OF TOTAL COLIN VOLUHE 
100 Ci 

iaa p. run it 

100 Ci/HH Al 

45 PSIG AND 
4 C 

25% COLUMN VOLUME 


T47 


ILUTION 


ILUTION FACTOR 




3 LITERS/LITER 


148 


RESOLUBILIZATION 


REGEANT/PROOUCT RATIO 

DISSOLUTION TIKE 
ADDITIONAL MIX TIME 




0 L/Kg PRODUCT 

0.50 HOURS 
0.50 HOURS 


T49 


ENZYHATIC HOOIFICTAION 


ENZYME TO PRODUCT RATIO 

ENZYME CONCENTRATION 
REACTION TEMP. 
REACTION DURATION 




0.084 LITERS OF ENZYHE STOCK PER 
LITER OF START. PROC. VOL. 

1 U _ IUT 

2 Hg/HI 

3/ OEGREES C 
30 MINUTES 
100% 


T50 


LYOPHILIZATION 


PRODUCT CAPACITY/LOAD 
PRODUCT UNIT SIZE 




8 UNITS 
100 GRAMS/UNIT 


T51 


HEAT EXCHANGE 


PROCESS INITIAL TEMP 
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